NOWACZEWSKI S., SZABLEWSKI T., CEGIELSKA-RADZIEJEWSKA R., KONTECKA H. 2013. Microbiological response of Japanese quail eggs to disinfection and location in the setter during incubation. Folia Biologica (Kraków) 61: 119-124. The aim of this study was to evaluate the effectiveness of ethyl alcohol (75%) disinfection of Japanese quail (Coturnix coturnix japonica) hatching eggs and analysis of microbial contamination of eggs during incubation, depending on their location in the setter. Disinfected eggshells were found to have lower total bacteria (TBC) and fungi (TFC) count. Concerning the vertical location of eggs (top, middle, bottom), disinfected eggs were characterized by similar values of the TBC (x = 1.54 log CFU/shell surface). For eggs without disinfection, it was found that those from middle and bottom levels of the setter had similar and lower TBC (by about 1.22 log CFU/shell surface) as compared to eggs from the top level. No statistically significant differences between levels were found in the case of TFC. Hatch breakouts (dead-in-shell embryos) from non-disinfected eggs were characterized by higher TBC (on average 0.37 log CFU/g). Disinfected eggs, located at the middle and bottom levels of the incubator, had similar and lower TBC in comparison with eggs from the top level. There were no microscopic fungi inside disinfected eggs of hatch breakouts. On the other hand, the non-disinfected eggs, placed on trays from the middle level of the incubator, had greater TFC (by about 0.9 log CFU/g) than those from top and bottom levels. Regardless of whether the eggs were disinfected or not, the largest group of microscopic fungi included Aspergillus and Penicillium.
One of the elements of the strategy for obtaining large numbers of healthy chicks is to carry out incubation based on optimal microclimate parameters in the setter (temperature, humidity, ventilation, etc.) and proper handling of eggs prior to incubation (e.g. storage). The effective disinfection of incubator and hatching eggs also plays an important role (TURBLIN 2011) . Conditions inside the incubator, i.e. high temperatures and considerable humidity, foster growth and reproduction of many microorganisms including pathogens are dangerous for developing embryos. Studies carried out so far have focused mainly on bacteria, primarily of the genus Salmonella (BRUCE & DRYSDALE 1983; CASON et al. 1994; COX et al. 2000; GAST et al. 2005; KIZERWETTER-OEWIDA & BINEK 2008) . However, only a few studies have investigated the contamination of hatching bird eggs with microscopic fungi and their impact on embryogenesis (LÁBAQUE et al. 2003; GIGLI et al. 2009; NOWA-CZEWSKI et al. 2011) . It was shown that the consequence of the presence of microscopic fungi in the egg is embryo mycosis. Besides, mycotoxin produced by fungi can contribute to embryo abnormalities and mortality, and even infertility of adult birds (TANGNI et al. 2009; JACOBSEN et al. 2010) .
In intensive poultry production conditions, in large hatcheries, formaldehyde is usually applied for egg disinfection (CADIRCI 2009) . Smaller hatcheries and amateur bird breeders use safer, in terms of human health and environment, disinfectants for this purpose (UV rays, ozone, hydrogen peroxide or ethyl alcohol). Thus experiments are carried out to determine the suitability of various chemical compounds (preparations), as an alternative disinfectant of eggs, incubators and livestock houses than formaldehyde -a human carcinogen which is toxic via inhalation (SANDER & WILSON 1999; GEHAN 2009; WELLS et al. 2011) .
Although microclimatic conditions in the incubator are usually precisely programmed, they are not identical in every part of the setter. This is often caused by setter construction and air flow through hatching eggs during incubation (FRENCH 1997) . For example, significant differences have been shown in temperature of chicken eggshells depending on egg location in the incubator (MEIJERHOF 2000; LOURENS 2001) . Similarly, the influence of Japanese quail egg location in the setter on the shell temperature during incubation and hatchability was documented by NOWACZEWSKI et al. (2012) . Therefore, it can be expected that with such a diversity of environmental conditions inside the setter during egg incubation, the appearance and development of many groups of microorganisms may also be different.
There are no available studies describing the effectiveness of disinfection methods for quail eggs prior to incubation, and monitoring of microbial contamination during embryogenesis. The only available results concern table quail eggs contaminated with bacteria of the genus Salmonella and Campylobacter (VASHIN et al. 2008; OBAIDI et al. 2011) . On the other hand, the optimization of hatches with multithreaded analysis is a very important element in the production of Japanese quail. Moreover, many new ways to improve the reproductive performance of these birds have been described (PETEK & DIKMEN 2004; ALKAN et al. 2008; MANIet al. 2008; NOWACZEWSKI et al. 2010a,b) .
The aim of this study was to evaluate the usefulness of ethanol (75%) in the disinfection of quail hatching eggs and the analysis of microbial contamination of eggs during incubation, depending on their location in the setter.
Material and Methods
The experimental material comprised eggs of Japanese quail (Coturnix coturnix japonica) of laying type in their first year of reproduction derived from a commercial farm. Up to week 6 of age, chicks were kept on rye or triticale litter in a rearing chamber of 40 m 2 area. During the growing period, Japanese quails were fed ad libitum complete diets which contained: 12.08 MJ/kg ME, 240 g · kg -1 crude protein, 71 g · kg -1 crude fat, 30 g · kg -1 crude fibre and 10 g · kg -1 calcium. Experimental birds began laying in their 7 th week of age. During the entire reproductive period, the birds were kept in cages at 35 birds/m 2 stocking rate with 6:1 ratio of females to males. Egg fertilisation in the analysed flock was at the level of 75-80%. Adult Japanese quails were fed ad libitum complete diets which contained: 11.63 MJ/kg ME, 205 g · kg -1 crude protein, 50 g · kg -1 crude fat, 30 g · kg -1 crude fibre and 31 g · kg -1 calcium. Mixtures were prepared by a commercial feed label according to feeding standards for Japanese quail. However, the basis for determining the nutritional value of these mixtures was the declaration of the producer.
The hatching of Japanese quail eggs was conducted in a single-stage incubator (AVN type) of the Jamesway Company. Two experimental hatchings were carried out. Eggs for hatching were collected for a period of 1-2 days on the 45 th week of life (36 th week of laying). During storage, eggs were kept under the following conditions: temperature -15 to 16 o C, relative humidity -about 55 %.
A total of 960 eggs were set (480 for each hatching, first disinfected and second non-disinfected eggs). Eggs selected for hatching (average weight ranged from 10.5 to 12.5 g) were marked and nonor disinfected by spraying (75% ethanol). The spray was prepared by diluting ethyl alcohol (96%) with distilled water. Eggs were placed on setting trays, blunt end up (standard arrangement of hatching eggs on setting trays) during the disinfection. All eggs were sprayed using hand spray ("KWAZAR" CORP. Sc), for 3 min. and from a distance of 30 cm, using 80 ml of ethanol each time. Then they were set into the incubator using 6 wooden setting trays after disinfection, two trays on each level (top, middle and bottom) of the incubator. Each tray comprised four rows in which 80 eggs were placed side by side (20 eggs in each row). The horizontal and vertical distances between trays were 8 and 10 cm, respectively.
During each hatching, eggshell surface microbiological contamination was assessed on the 2 nd , 4 th and 14 th days of incubation (5 eggs in each tray). For each assessment, eggs were chosen randomly from extreme places of the setting tray, i.e. 4 from corners and one from the center. After taking the test material eggs were marked in order not to reuse them in further analyses. Up to day 14, eggs were kept in the setting compartment in which the temperature was 37.6 o C and mean relative air humidity at 52%. On day 15 they were transferred to the hatching compartment with a temperature of 37.4 o C and mean relative air humidity 60-70%. Eggshell surface microbiological contamination was analysed using the traditional swabbing method. This consisted of the following stages: wiping the whole eggshell area with a swab moistened with a dilution fluid, rinsing the swab, preparation of dilutions, submerging the cultures of 1 cm 3 each into two dishes, incubation in a mi-crobiological thermostat WTB Binder (Tuttlingen, Germany). Standard diluents and agar media (BTL, Poland) were used in the experiment. The results were expressed in CFU/eggshell surface. Breakouts (dead-in-shell during the first 14 days of incubation) were crushed and 10 g were transferred to a flask with 90 ml buffered peptone water. Samples prepared in this way were shaken for 15 min. From the obtained 10 -1 dilution successive decimal dilutions were produced and inoculated using the classical plate flooding method according to Koch towards the total microbial count of aerobic bacteria (TBC). Total bacterial counts were determined using agar medium. Samples were incubated at 30°C for 72 h. Calculations were conducted for dilutions from plates, on which the number of colonies ranged from 30 to 300. Results were expressed in CFU/g. Analyses of the composition of fungi species occurring in egg probes were done. Next, 1 ml of suspension was prepared from material used during swabbing and was placed on a potato dextrose agar medium in Petri dishes and spread with the aid of a sterile glass stick on the medium surface. The Petri dishes were incubated at 25°C for 7 days. Growing mycelia were isolated on the potato dextrose agar and synthetic nutrient-poor agar mediums to identify the fungi species. The identification was carried out by colony and spore morphology with the aid of keys from RAPER &THOM (1949), ARX (1970), and DOMSCH et al. (1980) . After termination of the hatching process, eggs from which no chicks were hatched were opened in order to determine the number of non-fertilized eggs, eggs with dead embryos before shell piercing (early -up to 10 day, late -after 10 day) and with unhatched chicks which died during shell piercing.
The obtained results were evaluated statistically using the SAS ® v. 9.2 statistical package (SAS 2011). Data were first transformed: x = log 10y, where y = trait value. The significance of differences between egg location and treatment (non-or disinfected), regarding microbiological characteristics was verified by one-way ANOVA. In case of bacteria and fungi contamination, differences between treatments within egg location were analysed using the t-Student test. All statistical differences were evaluated at the level of P#0.05.
Results and Discussion
The results of microbiological contamination of quail eggs (non-and disinfected prior to incubation), depending on the location in the setter, are shown in Table 1 . It was found that the disinfected eggshells were characterized by lower total bacterial (TBC) and fungi (TFC) count. The differences were statistically significant and, on average, amounted to 3.97 and 1.09 log CFU/eggshell surface, respectively. In an experiment carried out on laying hens FURUTA and MARUYAMA (1981) analysed the microbial contamination of eggshells during incubation (1, 3, 6, 12, 19, 20 and 21 day) after their previous disinfection with formaldehyde. The average number of bacteria showed a rate of 1.19 log CFU/egg. JAFF (2005) used ethyl alcohol (70%) for disinfection of fertilized eggs of lay- 6.33 ± 0.04a*5.18 ± 0.61b*5.03 ± 0.55b* 5.51 ± 0.28* 1.54 ± 0.32a*1.34 ± 0.24a*1.74 ± 0.32a* 1.54 ± 0.18* Eggshell fungal contamination (log CFU/shell surface) 0.99 ± 0.20a*1.29 ± 0.38a*1.20 ± 0.28a* 1.16 ± 0.16* 0.09 ± 0.06a*0.14 ± 0.09a*0.00 ± 0.00a* 0.07 ± 0.03* Hatch breakouts bacterial contamination (log CFU/g) 2.39 ± 0.20a 2.46 ± 0.06a*2.66 ± 0.18a* 2.50 ± 0.10* 2.43 ± 0.17a 1.85 ± 0.04b*2.12 ± 0.10b* 2.13 ± 0.07* Hatch breakouts fungal contamination (log CFU/g) 0.85 ± 0.22b*1.99 ± 0.08a*1.33 ± 0.17b* 1.39 ± 0.14* 0.00 ± 0.00a*0.00 ± 0.00a*0.00 ± 0.00a* 0.00 ± 0.00* Means ± SEM with different letters, between eggs location within variant (Non-or Dis.), differ significantly at the level P#0.05 *Means ± SEM between variants (Non-and Dis.), within eggs location, differ significantly at the level P#0.05
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Data are averaged over all sampling days.
ing hens and observed a lower amount of aerobic and anaerobic bacteria on the shell, on average of 85.1 and 54.4%, respectively. On the other hand, WELLS et al. (2011) analysed the effectiveness of hydrogen peroxide and UV light (experimental group) for disinfection of eggs of broiler breeders. The authors concluded that the application of the disinfectants reduced the APC (Aerobic Plate Count) by about 2.8 log 10 CFU/egg in comparison with the control group. Notably, this meant better hatchability of fertilized eggs in the experimental group as compared to the control (74 against 68%). In our study, disinfected eggs were also characterised by slightly better hatchability from fertilised eggs (by about 2.3 percentage units, Fig. 1 ). Otherwise, these eggs were also characterised by a lower proportion of embryo mortality in the later period of incubation and lower number of unhatched chicks. WELLS et al. (2011) also observed a lower proportion of late dead embryos in eggs subjected to disinfection.
Total bacteria count in eggshells subjected to disinfection was similar, regardless of their location in the incubator. In the case of non-and disinfected eggs, no significant differences between levels of the incubator regarding the number of microscopic fungi on the eggshells surface were recorded. However, the highest fungal contamination of the shells was found on trays from the middle level (1.29 and 0.14 log CFU/shell surface for nonand disinfected eggs, respectively).
Similar to eggshell surface, hatch breakouts from non-disinfected eggs had a higher total number of bacteria (on average 0.37 log CFU/g) compared with disinfected eggs (Table 1) . Assessing the results obtained for levels of setting trays, differences in the number of bacteria were only observed in disinfected eggs. Eggs located on the middle and bottom levels were characterized by similar and statistically significant lower TBC (by about 0.45 log CFU/g) compared with eggs incubated on trays from the top level. There was not fungi contamination in breakouts from disinfected eggs. On the other hand, non-disinfected eggs placed on trays from the middle level of the incubator had higher TFC (by about 0.90 log CFU/g) compared with those incubated on trays from top and bottom levels. A lack of literature on this subject does not allow for a broader interpretation of the results. However, it is worth noting that the authors have done earlier experiment in which the aim was to assess the impact of the location of Japanese quail eggs in the incubator on their temperature and hatchability (NOWACZEWSKI et al. 2012) . It was found that eggs incubated on the middle and bottom levels of the incubator (more fungal contamination of breakouts) were characterized by significantly worse hatchability.
Among all analyzed eggs, there were 28 and 61% of positive samples (incidence of fungi) in disinfected and non-disinfected eggs, respectively. On the surface of non-disinfected eggshells The share of early and late dead embryos was calculated relative to the total number of dead embryos representing 100% S. NOWACZEWSKI et al. microscopic fungi of the genus Mucor (Figs 2 & 3) were also found. It should be emphasized that regardless of whether the eggs were disinfected or not, the largest groups included Aspergillus and Penicillium. Moreover, it was found that eggs incubated on the top level of the incubator were characterized by the highest fungal contamination of the genus Aspergillus. Literature data indicate that the most dangerous fungi in terms of hatchability results, also identified in our study, is Aspergillus. This fungus was also included in the experiment carried out by NÄÄS et al. (2008) . Moreover, BAR-NES and GROSS (1997) suggest that infection with Aspergillus is probably the most common cause of high mortality of chicks up to 3 days after hatching. A negative correlation between microscopic fungi contamination of chicks and later performance was also observed by BRAEM (1988) and CER-VANTES (1995) . DEEMING (1996) also provides interesting information. This author noticed that fungal infections usually stated in ostrich eggs in which embryos survived to the final phase of incubation (36-42 days).
Based on the survey, it can be said that ethyl alcohol (75%) proved to be an effective disinfectant of Japanese quail eggshells before incubation. However, it seems that it strongly influenced microscopic fungi which were not observed in hatch breakouts. The differences in eggshell surface and hatch breakout microbial contamination depend- Microbiological Contamination of Japanese Quail Eggs ing on eggs location in the setter confirms previously observed differences between microclimatic conditions in the incubator (temperature, humidity, airflow). In many ways they predispose the microorganisms to different development. In this study, the poorest results were detected for the middle level of the incubator.
